Introduction
============

Hemolytic uremic syndrome (HUS) is defined as a triad of hemolytic anemia with schistocytes, thrombocytopenia, and acute kidney failure ([@B1], [@B2]). In Japan, HUS develops in approximately 3.2-4.0% of all patients with symptomatic enterohemorrhagic *Escherichia coli* (EHEC) ([@B3]). Neurological complications such as stroke, seizure, coma, and hemiparesis occur in approximately 10-50% of cases ([@B4], [@B5]). Complications, leading to death in 17% and severe sequelae in 23% of patients, are the main causes of acute mortality ([@B2], [@B6]). Although it has been reported that methylprednisolone (mPSL) pulse therapy improves the poor prognosis ([@B7]), early plasma exchange was shown to ameliorate HUS encephalopathy ([@B8]) and eculizumab (a monoclonal antibody against complement factor C5) was found to be effective against intractable HUS ([@B9]); however, these studies only involved a small number of patients; thus, there is no specific treatment available for treating neurological complications.

In this report, we present the case of a 20-year-old woman with coma after the onset of HUS caused by EHECO26. Due to her symptoms and abnormalities on diffusion-weighted magnetic resonance imaging (DW-MRI) of her brain, we diagnosed the patient with HUS encephalopathy and treated her with mPSL pulse therapy alone. Her symptoms improved with mPSL pulse therapy, and she showed no neurological sequelae. This is the first report of mPSL pulse therapy being effective when administered alone immediately after the onset of HUS encephalopathy; thus, it is important to develop methods for diagnosing HUS encephalopathy in the early stage and to investigate therapies for HUS encephalopathy.

Case Report
===========

The patient was a 20-year-old woman. She was observed with lower left abdominal pain and diarrhea, followed by high fever; she also developed bloody diarrhea. Four days after the appearance of the symptoms of gastroenteritis, she was admitted to a nearby hospital and was treated with hydration and antibiotics (Fosfomycin). Her digestive symptoms improved after treatment; however, she developed hemolytic anemia and acute kidney injury five days after the appearance of the symptoms of gastroenteritis. Her stool culture revealed EHEC serotype O26, and the EHEC:O26 was a verotoxin-producing *E. coli*; she was therefore diagnosed with HUS caused by EHEC:O26. She was treated with supportive care, and her symptoms improved; however, she presented with a sudden disturbance of consciousness 10 days after the appearance of gastroenteritis symptoms. The disturbance of consciousness was prolonged and the patient was transferred to our hospital on the same day.

The patient had no particular past or family history. She lived alone and did not eat raw food. No one around her presented similar symptoms. She was observed to have high fever, tachycardia, anemia of the palpebral conjunctiva, and pedal edema; however, she did not have hypertension.

Neurological findings demonstrated that she was in a coma \[Glasgow Coma Scale (GCS) E2V1M1\] and had neck stiffness. Her left eye became internally dislocated-neither eye could be abducted-and she was negative for the doll\'s eye reflex. She also had ocular bobbing. Anisocoria was not noted, and the light reflex was normal; however, the eyelash reflex was absent. Her left arm was flexed, and her other extremities showed flaccid paresis. Her tendon reflexes were normal, and she did not show pathological reflexes or involuntary movement.

Laboratory tests revealed C-reactive protein elevation (0.79 mg/dL), hemolytic anemia (schistocytes 0.69%), a low platelet count (6.1×10^4^/μL), liver dysfunction \[aspartate aminotransferase (AST) 153 IU/L, alanine aminotransferase (ALT) 235 IU/L\], and renal dysfunction (creatinine 1.13 mg/dL), but not electrolyte abnormality. The activity of disintegrin-like plasma and metalloproteinase with thrombospondin type 1 motifs 13 (ADAMTS13) was mildly reduced (64.7%), and the patient was negative for ADAMTS13 inhibitors. Thus, thrombotic thrombocytopenic purpura was ruled out. A stool culture revealed EHECO26. In the cerebrospinal fluid (CSF), the cell count and protein concentration were within the normal ranges; however, the level of interleukin (IL)-6 was elevated (229 pg/mL; normal range \<4 pg/mL).

Hyperintense lesions were detected in the right ventral pons, left insular cortex, bilateral basal ganglia, and left occipital cortex on DW-MRI of the brain ([Figure A](#g001){ref-type="fig"}), and some of these lesions showed decreased apparent diffusion coefficient (ADC) values. N-isopropyl-p-\[(123)I\]-iodoamphetamine single photon emission computed tomography revealed the reduction of the cerebral blood flow in the orbitofrontal area, the cerebellum, and the brainstem. There were also diffuse bursts of slow waves on an electroencephalogram; however, the wave was not spiked or sharp.

![Brain MRI. Brain MRI \[axial view of diffusion-weighted imaging (DWI) and the apparent diffusion coefficient (ADC)\]. (A) Brain MRI \[FLAIR (TR/TE=11,000.0/140.0 ms), DWI, and ADC (b=1,000 s/mm^2^, TR/TE=3,500.0/67.1 ms)\] on admission. Hyperintense lesions were detected in the right ventral pons, left insular cortex, bilateral basal ganglia, and left occipital cortex were on DWI (arrows). Some of these lesions showed decreased ADC values (arrows). (B) Brain MRI \[FLAIR (TR/TE=11,000.0/125.0 ms), DWI, and ADC (b=1,000 s/mm^2^, TR/TE=5,000.0/65.0 ms)\] after methylprednisolone pulse therapy. The DWI and ADC values abnormalities that were present on admission had disappeared.](1349-7235-56-2937-g001){#g001}

Due to the sudden disturbance of consciousness after the onset of HUS and the abnormality of her bilateral deep gray matter on brain MRI, we diagnosed the patient with HUS encephalopathy. We treated her with mPSL pulse therapy (1,000 mg/day for three days) alone, soon after she was transferred to our hospital (10 days after the appearance of the symptoms of gastroenteritis). Following treatment, her consciousness disturbance improved (GCS E4V5M6), at 14 days after the appearance of the symptoms of gastroenteritis. The patient\'s ocular bobbing disappeared, and her hemolytic anemia, low platelet count, and renal dysfunction improved. Diffusion weighted image (DWI) and ADC abnormalities were not detected on brain MRI after mPSL pulse therapy ([Figure B](#g001){ref-type="fig"}). A second three-day course of mPSL pulse therapy was administered 17 days after the appearance of the symptoms of gastroenteritis. The patient was discharged without sequelae 33 days after the appearance of the symptoms of gastroenteritis.

Discussion
==========

As HUS encephalopathy is a major cause of acute mortality, it is necessary to diagnose and treat the condition as soon as possible. Diffuse brain edema and signal changes in the bilateral deep gray matter, which participates in the lateral segment of the lenticular nucleus, can be detected in patients who have severe symptoms. Increased DWI signals are detected in the thalamus, cerebellum, and brain stem ([@B10]). In the earliest phase, abnormalities are not detected on fluid-attenuated inversion recovery (FLAIR) imaging or T2-weighted imaging (T2WI); however, DWI abnormalities are detected in cases such as ours ([@B11], [@B12]). Thus, it is very important to diagnose HUS encephalopathy in the earliest phase by conducting DWI when performing brain MRI.

In our case, DWI showed restricted diffusion, and some of these lesions showed decreased ADC values. The main neuropathological observations in autopsy cases were diffuse brain edema, astrogliosis, and microgliosis, which were prominent in the thalamus and pons; however, signs of thrombosis were nonexistent, and signs of microbleeding around vessels were rare ([@B13]). These lesions were transient and reversible. We therefore thought that they did not represent ischemic changes. It has been reported that some patients with multiple sclerosis or mild encephalitis/encephalopathy with reversible splenial lesions showed hyperintensity on DWI and decreased ADC values-this was true in our case ([@B14], [@B15]). The mechanisms underlying the transient reduction of diffusion in patients with these inflammatory diseases may be related to intramyelinic edema, interstitial edema, and the infiltration of inflammatory cells ([@B14], [@B16]). Thus, the DWI and ADC abnormalities may be related to these mechanisms.

It is thought that HUS encephalopathy occurs due to direct damage to the endothelium from verotoxin and neuroinflammation due to the release of cytokines, including IL-6 and tumor necrosis factor (TNF)-α ([@B17], [@B18]). Actually, in our case, the level of IL-6 was elevated in the CSF. Thus, it was considered that treatment with mPSL pulse therapy may have been effective.

mPSL pulse therapy should be considered for patients with severe symptoms; however, the efficacy of mPSL pulse therapy for HUS encephalopathy has not yet been established. We investigated the cases in which HUS encephalopathy was treated with mPSL pulse therapy ([Table](#t001){ref-type="table"}) ([@B7], [@B19]-[@B23]). The number of days from the onset of HUS to encephalopathy and mPSL pulse therapy varied. With the exception of one patient, the patients treated with mPSL pulse therapy had good outcomes without sequelae. It has been reported that because mPSL suppresses inflammatory cytokines, mPSL pulse therapy is effective for patients with HUS encephalopathy and improves the poor prognosis ([@B7]). We showed-once more-that HUS encephalopathy is related to neuroinflammation and that treatment with mPSL therapy is important. We first treated our patient with mPSL pulse therapy. Although we considered plasma exchange as the next step, mPSL pulse therapy was effective, and the patient did not receive any other therapies. We administered mPSL pulse therapy twice. Our case was the only case in which mPSL pulse therapy was administered alone; all of the other cases involved combined therapies, such as plasma exchange, IV immunoglobulin, plasma diafiltration, and/or polymyxin B-immobilized fiber column direct hemoperfusion. Our case was very interesting and important because the patient was treated with mPSL pulse therapy alone and had a good outcome without sequelae. It has been reported that oral steroids (5 mg/kg/day) were not able to hematologically or neurologically modify the acute phase of HUS encephalopathy in children in comparison to a placebo ([@B24]). However, the discrepancy may not only be caused by differences in children and adults but also by the dose of steroids or the method of administration. Thus, high doses of mPSL may be effective for treating some patients with HUS encephalopathy.

###### 

A Review of the Patients with EHEC-associated HUS Encephalopathy who Underwent mPSL Pulse Therapy.

  Reference No.   Age/Sex         Days from onset of HUS to encephalopathy   Days from onset of HUS encephalopathy to mPSL pulse therapy   EHEC serotype   Additional anti-proinflammatory cytokine therapy   Outcome (sequelae)
  --------------- --------------- ------------------------------------------ ------------------------------------------------------------- --------------- -------------------------------------------------- ----------------------------------
  19              7/M             A few days                                 0 days                                                        O157            IVIg                                               Alive (no)
  20              28/F            5 days                                     1 day                                                         O157            γ-globulin, PE                                     Alive (no)
  21              7/F             2 days                                     a few days                                                    O111            PDF, IVIg                                          Alive (no)
  7               16-19 years/F   8 days                                     4 days                                                        O111            PE, PMX, IVIg                                      Alive (no)
                  \<2 years/M     7 days                                     6 days                                                        O111            PMX, IVIg                                          Alive (no)
                  20-29 years/F   8 days                                     3 days                                                        O111            PE, PMX                                            Alive (intellectual disability)
                  5-9 years/F     7 days                                     2 days                                                        O111            IVIg                                               Alive (no)
                  20-29 years/F   8 days                                     2 days                                                        O111            PE, PMX                                            Alive (no)
                  10-15 years/M   8 days                                     1 day                                                         O111            IVIg                                               Alive (no)
                  5-9 years/F     9 days                                     less than 1 day                                               O111            PE                                                 Alive (no)
                  16-19 years/F   10 days                                    1 day                                                         O111            IVIg                                               Alive (no)
                  10-15 years/F   9 days                                     0 days                                                        O111            PE, PMX, IVIg                                      Alive (no)
                  20-29 years/F   10 days                                    2 days                                                        O111            PE, IVIg                                           Alive (no)
                  5-9 years/F     11 days                                    less than 1 day                                               O111            PE, IVIg                                           Alive (no)
                  16-19 years/F   16 days                                    less than 3 days                                              O111            PE, PMX                                            Alive (no)
  22              26/F            0 days                                     6 days                                                        O157/O111       PE, Cytokine adsorption                            Alive (higher brain dysfunction)
  23              14/F            2 days                                     0 days                                                        O111            PE                                                 Alive (no)
  Present case    20/F            4 days                                     0 days                                                        O26             None                                               Alive (no)

M: male, F: female, HUS: hemolytic uremic syndrome, EHEC: enterohemorrhagic *Escherichia coli*, mPSL: methylprednisolone, IVIg: IV immunoglobulin, PE: plasma exchange, PDF: plasma diafiltration, PMX: polymyxin B-immobilized column direct hemoperfusion

In conclusion, our study shows that corticosteroids appear to be effective for the treatment of some patients with HUS encephalopathy. Our finding indicate that HUS encephalopathy can be treated with mPSL pulse therapy alone when neurological complications are reversible if HUS encephalopathy is diagnosed in the earliest phase. If additional study is advanced based on the findings of this case report, the diagnosis of HUS encephalopathy will be improved.

**The authors state that they have no Conflict of Interest (COI).**

Financial Support
=================

This work was supported by JSPS KAKENHI Grant Number JP 26460901.

[^1]: Correspondence to Dr.　Kiyotaka Nakamagoe, <nakamagoek@md.tsukuba.ac.jp>
